Introduction
India is the fifth largest oilseed economy in the world. Among the seven edible oilseeds cultivated in India, Rapeseed-mustard contributes 28.6 per cent in the total oilseeds production sharing 27.8per cent in the India's oilseed economy and ranks third after soybean and groundnut. India accounts for about 11.12 per cent (6.8 mt) of global mustard seed production with an average productivity of 1115 kg/ha. During the last seven years, there has been a considerable increase in productivity from 730 kg/ha in 2006-07 to 1262 kg/ha in 2014-15 however, it is much below than the global average of 1970 kg/hectare (DRMR, 2015) . In 2014-15, India imported 14.5 million tonnes of edible oils valued $10.5 billion, included nearly 0.4 million tonnes of imported rapeseed oil, which many processors and traders are blending with indigenous mustard oil (ref: http://thewire.in/28269/does-india-needtransgenic-mustard1/). With the country's own annual edible oil production stuck at below 7.5 million tonnes, of which mustard's share is roughly a quarter, the need to raise domestic crop yields and thus cut dependence on imports cannot be doubted.
In India, mustard is commonly cultivated during rabi season in most of the cropping systems viz, Rice-mustard, maize-mustard, pigeon pea-mustard are common ones. Yield and quality of mustard is greatly influenced by the preceding crops in a particular cropping system. Nutrient exhaustive crops like rice and maize grown in the preceding season often reduce the potentiality of the succeeding mustard while the leguminous crops have positive influence. In recent years with the increasing area under soybean cultivation, the possibility of growing soybean-mustard in a sequence in many areas has become an important alternative to prevailing Rice-wheat cropping system in Northern plain zone. Vyas et al., (2008) reported important soybean based cropping systems practiced in India include soybeanwheat, soybean-chickpea, soybean -potato, soybean-safflower, soybean-linseed and soybean-mustard. The soybean-mustard is important cropping sequence in the northern plain zone, it is having a tremendous potential for increasing the oilseed production in the country.
The production constraints of rapeseedmustard crop are diverse in nature. One of the major constraints is inadequate and imbalanced nutrient supply. With use of high analysis fertilizers lacking sulphur and intensive cropping systems has led to sulphur deficiency and this is reported from larger area and variety of crops. Sulphur has several important functions in plant and it is important part of every living cell. Sulphur is required for the formation of chlorophyll and for the activity of ATP-sulphurylase (the enzyme involved in sulphur metabolism). It is involved in several important physiological functions in mustard including oil synthesis and act as precursor for synthesis of sulphur containing amino acids, namely cysteine (26% S), cystine (27% S) and methionine (21% S). It is an important constituent of glucosinolates and is needed for chlorophyll formation (Holmes, 1980) . Among the oilseed crops, rapeseed-mustard has the highest requirement of sulphur (Tandon, 1986) . Balanced use of fertilizers especially sulphur is very crucial for a good mustard harvest (Aravind et al., 2009) . Application of sulphur increased the yield of mustard by 12 to 48 per cent under irrigated and by 17 to 24 per cent under rainfed conditions (Aulakh and Pasricha, 1988) . In terms of agronomic efficiency, each kilogram of sulphur increases the yield of mustard by 7.7 kg (Katyal et al., 1997) . A significant increase in yield was observed with increase in sulphur levels up to 40 kg S/ha in mustard based cropping system. Keeping all these points in view, this experiment was undertaken to study the direct influence of sulphur levels (0, 20 and 40 kg S/ha) on mustard vis-à-vis the residual effect of S nutrition treatments (levels and timing) applied to preceding soybean crop. Chemical analysis of plant and soil samples were done using standard procedures (Prasad, 1998) .The nutrient (N, P, K and S) concentration of economic produce and stalks of mustard were determined and uptake was measured as product of nutrient concentration and yield. The analysis of variance (ANOVA) was done in split-plot design for mustard, various soil and plant observations were recorded. The significance of treatment differences was tested by F (Variance ratio) test. Critical difference (CD) at 5 per cent level of significance (P=0.05) was worked out for comparison and statistical interpretation of treatments as per Gomez and Gomez (1984) .
Materials and Methods
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Results and Discussion
Growth parameters
Number of branches per plant recorded at 60 and 90 DAS (Days after sowing) in all the treatments were at par with each other except control in the residual effect of sulphur nutrition imposed to preceding soybean. Split Application of 45 kg S/ha (50% basal+50% flowering) recorded highest number of branches as compared to treatments received with lower levels of sulphur (15 and 30kg S /ha) as a split and sole (either at basal or at flowering) application of sulphur to the preceding soybean. Among the direct effect of sulphur levels (0, 20 and 40 kg/ha) applied to mustard, treatment with 40 kg S/ha recorded significantly more number of branches per plant (7.05) over the treatments with 0 and 20 kg S/ha level (Table 2 ). Direct application of sulphur to mustard increased the number of branches linearly with increased levels of S application. This is in conformity with the finding of Chauhan et al., (1996) . Dry matter accumulation and LAI (Leaf Area Index) of mustard was not significantly influenced by residual effect of sulphur treatments applied to preceding soybean crop whereas significant effect was found among the treatments received with direct application of sulphur in mustard crop. Among the treatments imposed to preceding soybean crop, application of 45 kg S/ha in two splits (50% basal and 50% at flowering) recorded highest LAI (0.69, 1.71 and 1.75) and dry matter accumulation (3.80, 33.04 and 85.29 g/plant) at 30, 60 and 90 DAS respectively. Direct effect of 40 kg S/ha application to the mustard recorded significantly higher LAI (0.69, 1.72 and 1.76) and dry matter accumulation (3.85, 33.26 and 85.92 g/plant) of mustard at 30, 60 and 90 DAS respectively, as compared to the treatments with 0 kg S/ha and 20 kg S/ha. The LAI was also increased significantly and linearly with the increasing levels of sulphur indicating the higher sulphur demand of mustard. Khanpara et al., (1993) also reported that increasing level of sulphur increased LAI in mustard. The drymatter accumulation is more sensitive to nutrition of sulphur, indicating low efficiency of mustard in utilization of residual sulphur. The direct application of sulphur recorded increased accumulation of dry matter linearly, indicating the necessity of additional sulphur application along with residual effect of sulphur in field condition. Several researchers earlier also reported positive effect of sulphur on dry matter accumulation in mustard (Khanpara et al., 1993; Singh and Gangasaran, 1993) .
Physiological indices
There was no significant residual effect of S application on mean Crop Growth Rate (CGR) recorded between 30-60 DAS and 60-90 DAS. However, split application of 45 kg S/ha as (50% basal and 50% at flowering) recorded higher value over treatments received one time application of sulphur either at basal or flowering stage. Direct application of S to mustard @ 40 kg/ha recorded highest mean CGR at different growth stages, except at 60-90 DAS (Table  3) . Whereas, there was no significant residual effect of S treatments applied to preceding soybean crop in soybean-mustard cropping sequence on mean Relative Growth Rate (RGR) during all the growth stages of mustard. Small amount of residual sulphur present at soil may not be sufficient enough to promote plant growth. Similarly, the mean relative growth was not observed to be affected significantly by residual sulphur applied to preceding soybean. On the contrary, the increasing sulphur levels applied to mustard brought about significant increase in mean CGR in both the years except at 60-90 DAS in first. Similar increase in CGR and RGR due to sulphur application has been reported by Saha and Mandal (2000) . This may be attributed to positive influence of sulphur application on various growth parameters viz. Number of branches, dry matter accumulation and LAI, these all ultimately resulted in significantly higher crop growth rate. There was no significant interaction effect of sulphur treatments imposed on preceding soybean and sulphur treatments provided to mustard. This may be possibly due to greater demand for sulphur in mustard and insufficiency of residual sulphur after the harvest of soybean in soybeanmustard cropping system.
Yield attributes
The number of siliquae per plant, seeds per siliqua and test weight were not significantly affected by the sulphur nutrition applied to preceding soybean crop, whereas treatment with application of 45 kg S/ha in two splits (50% basal and 50% at flowering) to preceding soybean recorded highest number of siliquae per plant (203.5), seeds/siliqua (14.20) and test weight of 5.68g (Table 4) compared to other treatments. This might be due to the fact that the seed development is greatly influenced by the sulphur, as mustard is rich in oil and glucosinolates which are in turn greatly dependent on the sulphur nutrition for their formation. The sufficient residual sulphur might have helped in increased seed filling leading to higher seeds per siliqua and development of individual seeds enhancing the test weight. Among the sulphur treatments applied to mustard, application of 40 kg S/ha recorded significantly highest number of siliqua per plant (204.9), seeds per siliqua (14.47) and test weight (5.73g) of mustard compared to treatment received with 0 and 20 kg S/ha. The direct application of sulphur in sufficient quantity and easy availability brought about significant increase in yield parameters viz. siliquae/plant, seeds/siliqua and test weight. Chauhan et al., (1996) was also reported increase in yield parameters due to sulphur application in mustard.
Seed yield, stover yield and harvest index
Application of 45 kg S/ha in two splits (50% at basal and 50% at flowering) to preceding soybean recorded significantly highest seed yield (1.80t/ha), stover yield (4.5 t/ha) and harvest index (29.47 %) of mustard (Table 4) . This might be attributed to higher residual effect of sulphur in that treatment and its positive influence on the growth parameters and yield parameter culminating in higher seed yield. Such residual effects of sulphur applied in preceding crop on succeeding had also reported by (Chandel et al., 2003 and Bharathi and Poongothai, 2008) . The sole application of 45 kg S/ha either at basal or at flowering also recorded higher values of yield parameters over the lower levels of sulphur application, indicating that higher dose of sulphur to preceding crops led to higher residual effect and subsequently improved performance of succeeding crops.
Among the sulphur levels applied to mustard, 0, 20 & 40 kg/ha. Application of 40 kg S/ha to mustard recorded significantly higher seed yield, stover yield and harvest index over application of 20 kg S/ha and control. The positive effect of sulphur nutrition on the yield levels of mustard have also been observed by Bhagat and Soni (2000) and Bharati and Prasad (2003) . This could be attributed to combined effect of increased availability and higher response of mustard to sulphur nutrition. As all the growth parameters starting from plant height, number of branches per plant, drymatter accumulation, leaf area index etc and yield parameters viz. siliquae per plant, seeds per plant and test weight were significantly influenced by the higher levels of sulphur which culminated in the higher seed yield and stover yield and also better conversion of biological yield into economical yield by significantly higher harvest index.
Oil content and its yield
The oil content in seeds and its yield of mustard was significantly higher with split application of 45 kg S/ha (50% basal and 50% at flowering) to preceding soybean. Followed by 30kg S/ha as a split (50% basal and 50% at flowering) and 45 kg S/ha at flowering to preceding soybean. In direct effect, Sulphur application @ 40 kg /ha to mustard recorded significantly higher oil content and its yield ( Table 4 ). The oil content in mustard was significantly influenced by both the residual effect of sulphur treatments to preceding soybean and direct application of sulphur to mustard. Sulphur plays a very important role in seed development in mustard as it is an important component of oil. The increased availability of sulphur both in the form of residual sulphur applied to preceding soybean or directly applied sulphur to mustard recorded significant increase in the oil content and its yield.
The oil content in seeds and oil yield recorded highest with treatments received 45kg S/ha either as a split or sole application (basal or flowering) to preceding soybean as compared to treatments received with lower levels (15, 30kg S/ha). This might be due to higher quantity of sulphur as residue, which helped in uptake of sulphur. Tripathi and Sharma (1993) and Biswas et al., (1995) earlier reported positive effect of sulphur on oil content and its yield in mustard under sandy loam soils of Delhi. The higher demand for sulphur was further evident from the fact that the response was linear up to 40 kg S/ha. As the oil yield is a combined effect of increased oil content and higher yield, the higher oil content and seed yield due to application of 45 kg S/ha split as 50% basal and 50% at flowering to preceding soybean and direct application of 40 kg S/ha to mustard recorded significantly higher oil yield. Correlation and regression between different parameters showed that there was a positive and significant correlation existed between yield attributes (siliqua/plant and seeds/siliqua), seed yield and oil yield of mustard (Fig. 1) .
Uptake by mustard and available N, P, K, S status in soil after harvest
As the nutrient uptake is a function of increased nutrient content and biomass production. In residual effect of S applied to preceding soybean, the uptake of N, P, K and S in seed and stover of mustard were higher in the treatment received with split application of 45 kg S/ha (50% basal and 50% at flowering) and in direct effect treatment received with 40 kg level of S/ha to mustard recorded highest values of total nutrient uptake of N(76.53), P(21.66), K (55.85)& S(25.74) kg/ha (Table 5 ). Further as total uptake is a function of uptake in seed and stover. Wen et al., (2003) observed the residual effect of sulphur. This might be due to better growth parameters and yield parameters observed in this treatment. This led to increased absorption of all the plant nutrients and increased accumulation as compared to other treatments. Further the direct application of sulphur to mustard, recorded highest N, P, K and S contents in seed and stover. This might be attributed to overall improved growth leading to higher absorption of nutrients due to complementary effect of sulphur on other nutrients like N, P and K. The increased availability of sulphur due to these treatments led to increased accumulation.
Table.1 Allocation of treatments to soybean and mustard
In residual effect the highest available nutrient status(kg/ha) of N(206.16), P(14.66) and K(165.88) in the soil after the harvest of mustard was recorded with no sulphur application to preceding soybean where as highest available S(25.74) in soil was recorded in treatment received with application of 45 kg S/ha as a split (50% basal and 50% flowering) to preceding soybean (Table 5 ). The lowest available N, P, K. status in soil was recorded with application of 45 kg S/ha split as 50% basal and 50% at flowering to preceding soybean and lowest available S was observed with no application of S to preceding soybean. In direct effect of sulphur levels applied to mustard, the application of no sulphur to mustard recorded higher available N, P and K status after the harvest of mustard, while the highest available S was recorded with application of 40 kg S/ha. Conversely, the lowest available N, P and K in soil was with application of 40 kg S/ha and lowest available S was with no application of sulphur to mustard in both the years of experimentation.
In conclusion, based on 2 years study, It is concluded that the residual effect of sulphur nutrition treatments on yield attributes, yield and quality of mustard were only seen in treatments received with application of sulphur in two splits at (50% basal and 50% flowering) compared to treatments received with sole application of sulphur either as a basal or at flowering only. Direct effect of sulphur application to mustard crop was found to be more effective than the residual effect of sulphur applied to previous soybean crop in soybean-mustard cropping sequence. Among the three levels of sulphur (0, 20 and 40 kg S/ha) applied to mustard, the treatment with 40 kg sulphur level of application to mustard recorded higher growth and yield of mustard, showing in mustard crop the response to applied sulphur is up to level of 40 kg /ha application.
